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Introduction
The market value of a firm is the sum of the present value of the cash flows generated by the assets in place and its growth options.
1 Real option theory suggests that values of growth options are positively related to the volatility of firm value (or a firm's cash flows).
2 Everything else equal, we thus expect the market value of a firm to increase in volatility. Depending on whether a firm belongs to a growing or mature industry, this dependance is more or less strong.
For instance, R&D as opposed to non-R&D firms are supposed to have more growth options and in turn should be more affected by volatility. In this paper, we first study the relation of firm value and volatility and find empirical evidence that Tobin's Q is positively related to a firm's stock volatility that serves as a proxy for the volatility of the underlying growth options.
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As suggested by real options theory, we document that this relation is much stronger for R&D firms than for non-R&D firms.
Volatility however consists of a systematic and an unsystematic (idiosyncratic) part. By definition, the systematic part should be priced and thus expected returns should be affected by systematic volatility. In contrast standard capital-market theory suggests that idiosyncratic risk has no effect on expected returns. 4 Therefore, the effects of these two volatility components on firm value are different: Although both components increase the value of growth options, systematic volatility also increases discount rates that are used to discount future cash flows of a firm. Hence, the effect of systematic volatility on firm value is ambiguous. We thus decompose volatility into its systematic and unsystematic part. Our line of argument so far suggests that the effect of unsystematic volatility should be stronger than the effect of systematic volatility.
Besides, the effect of unsystematic volatility should be the strongest for firms that have a lot of growth options (e.g. R&D firms). Our empirical results support these predictions: Whereas
Tobin's Q is hardly affected by systematic volatility, there is a pronounced effect for unsystem-atic volatility. In particular, the effect for R&D firm observations is significantly stronger than for non-R&D firm observations. Importantly, we also extend the existing literature by addressing concerns about missing factors in the Fama-French model (see, e.g., Chen and Petkova (2012) ). We perform a principalcomponent analysis (PCA) on the residuals of the Fama-French regressions that are used to calculate the idiosyncratic volatillity. This allows us to tear out the systematic part of these residuals and to compute the "truly" idiosyncratic volatility which is the idiosyncratic volatility after subtracting the first two factor of the PCA. 5 On average the first factor explains about 2%
of the remaining variation. Since there is not much systematic variation left in the residuals of the Fama-French regressions, it turns out that our above described results stand even for this alternative definition of idiosyncratic volatility.
Finally, we analyze the relation of realized stock returns to realized contemporaneous idiosyncratic volatility (ivol) and R&D expenses where we again split the whole sample into subsamples of R&D and non-R&D observations. Single sorting on idiosyncratic volatility yields a significant negative relation between abnormal stock returns and contemporaneous ivol for non-R&D portfolios, 6 whereas in a four-factor model the portfolio alphas of R&D portfolios are all positive. This confirms the intuition that the values of growth options increase in (idiosyncratic) volatility and thus a larger ivol leads to higher contemporaneous returns. We also document that, although for R&D portfolios the average Tobin's Q and R&D expenses increase in average ivol, the relation is flat for non-R&D portfolios. 7 In other words, both sub-samples are very distinct with respect to the sizes and patterns of R&D expenses and Tobin's Q. On the 5 We thank an anonymous referee for this suggestion. This is similar to Herskovic, Kelly, Lustig, and Nieuwerburgh (2016) , but they perform a PCA on the excess returns, whereas we run it on the residuals of Fama-French regressions. 6 Notice that we consider a contemporaneous relation between the two. This should not be confused with the so-called "ivol anomaly" which refers to the empirical finding that stocks with high (low) idiosyncratic volatility have abnormally low and negative (high and positive) expected average returns. See, e.g., Ang, Hodrick, Xing, and Zhang (2006) . 7 By definition, R&D expenses are zero for non-R&D portfolios so that these portfolios have trivially a flat relation for R&D expenses.
contrary, the average ivols of the portfolios are similar. This finding is in line with our panel regression results that idiosyncratic volatility is particularly pricing relevant when it is interacted with an R&D dummy. Double sorting on idiosyncratic volatility and R&D expenses supports our findings for portfolio alphas: For high R&D observations all (three and four-factor) alphas are positive, whereas for low or zero R&D observations alphas in general are postive for low-ivol portfolios and negative for high-ivol portfolios. Besides, all difference portfolios (high minus low or zero R&D for given ivol level) have positive alphas where 17 out of 20 are individually significant.
Since a single-sort on ivol simultaneously leads to orderings with respect to other variables (e.g.
size, leverage, firm-level volatility, skewness), we also run panel regressions of firm-level alphas where we can simultaneously control for several explanatory variables. Our results suggest that firm-level alphas depend on firm-level volatility, but predominately via its idiosyncratic part. These effects are amplified for R&D observations. Again we address concerns about missing factors in the Fama-French model. We thus run our main regressions using the "true" idiosyncratic volatilities (after performing a PCA) and confirm that the results essentially also hold for this alternative definition of ivol.
Our paper is related to an increasing literature on the cross-sectional relation between returns and volatility or idiosyncratic volatility. Duffee (1995) documents a positive relation between stock returns and volatility at the firm level. Concerning idiosyncratic volatility, several empirical studies find evidence that expected returns vary systematically with idiosyncratic risk. This is in contrast to standard capital-market models such as the CAPM and the Fama-French model, which predict no relation between expected returns and idiosyncratic volatility. Zhang (2006, 2009 ) measure idiosyncratic volatility relative to the FamaFrench model and find a negative relation between expected returns and idiosyncratic risk (ivol anomaly). By measuring volatility in a different way, Fu (2009) and Fink, Fink, and He (2012) find that expected returns and idiosyncratic volatility are positively related. Our paper adds to this extensive literature. Motivated by the work from Cochrane (2011), we study the cross-sectional price variation and first concentrate on firm value. In contrast to the existing literature, we then study the contemporaneous relation between (abnormal) returns and idiosyncratic volatility, which complements our analysis for values. Similar to our results, Fink, Fink, and He (2012) find empirical evidence for a positive contemporaneous ivol-return relation.
Our paper is also related to the real option pricing literature that started with the papers by Brennan and Schwartz (1985) and McDonald and Siegel (1986) . Option values increase in volatility (both systematic and idiosyncratic), which indicates why idiosyncratic volatility might be priced if a firm has growth options.
Several papers have examined the effect of volatility on returns (but not the effect of volatility on prices) and use real option theory to explain their observations. Grullon, Lyandres, and Zhdanov (2012) find evidence that expected returns increase in (firm-level) volatility. This relation is much stronger for firms with more real options. An important difference with our paper is however that they consider expected returns and do not decompose volatility into a systematic and an idiosyncratic part. Chen and Petkova (2012) consider idiosyncratic volatility and focus on the ivol anomaly. They suggest that their observed negative relation between idiosyncratic volatility and return in the Fama-French model arises from a missing factor. By introducing a new factor (a component of aggregated market variance), they can explain the ivol anomaly and relate this factor to a firm's growth options. In our paper, we also examine the effect of contemporaneous volatility on firm values and propose a growth option explanation for cross-sectional differences in firm values. We find clear evidence that firm value increases in firm-level volatility and this effect is stronger for firms with higher R&D expenses. These results are in line with the findings of Connolly and Hirschey (2005) and Czarnitzki, Hall, and Oriani (2006) , who show that the amount of R&D expenses is a significant determinant of firm value. Cao, Simin, and Zhao (2008) provide a link between growth options and the value-weighted average of idiosyncratic firm-level volatility. They show that average aggregated idiosyncratic volatility is positively related to growth options and that these options can explain the increasing aggregate idiosyncratic volatility over the last decades. Bekaert, Hodrick, and Zhang (2013) study aggregate idiosyncratic volatility in 23 countries and document that it is highly correlated across countries. They find that idiosyncratic volatility can be explained by growth opportunities and a business cycle sensitive risk indicator. These findings are in line with our results that firm values increase in (idiosyncratic) volatility due to growth options.
Pastor and Veronesi (2003) develop a framework for valuing stocks whose average future profitability is unknown. They find that uncertainty about a firm's average profitability increases its idiosyncratic return volatility. This uncertainty is especially large for the newly listed firms.
Kogan and Papanikolaou (2012) develop a theoretical model in which a firm's sensitivity to technological shocks is a function of the ratio between growth opportunities and firm value.
Firms with more growth options benefit more from positive technological shocks than firms with limited investment opportunities. Hence, differences in the ratio between growth opportunities and firm value lead to difference in returns, and technological shocks lead to differences in stock returns across firms.
Finally, our paper is related to the q-theory of investment that studies the relation between investment decisions and firm value. Belo and Zhang (2010) combine q-theory and asset pricing literature. They develop a neoclassical model to study the determinants of firm value and focus on the investment-to-capital ratio to explain cross-sectional differences in firm value.
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The remainder of the paper is structured as follows: Section 2 discusses the economic hypotheses. Section 3 describes the data set and introduces definitions of variables. Section 4 presents results of benchmark panel regressions. Section 5 studies how these results change when we decompose volatility into a systematic and an idiosyncratic part. Section 6 analyzes the relation of R&D expenses and realized idiosyncratic volatility with contemporaneous stock returns. To address concerns about missing factors in the Fama-French model, Section 7 decomposes the idiosyncratic firm-level volatility of the Fama-French model into a part that is explained by a principal-component analysis and a residual that is still unexplained. We redo our main analyses using these residuals and confirm that our main findings still stand. Section 8 concludes.
8 For further literature that studies the effect of real investment decisions on asset prices and returns see, e.g., Chan, Lakonishok, and Sougiannis (2001) , Desai, Wright, Chuang, and Charoenwong (2003) , Aguerrevere (2009), Carlson, Fisher, and Giammarino (2010) , and Hackbarth and Johnson (2012) .
Economic Hypotheses
Following Berk, Green, and Naik (1999) , we posit that firm value is the sum of the present value of cash flows of assets in place and the value of a firm's growth options (call options).
Tobin's Q is then defined as the ratio of firm value and book value.
Our first analysis consists in panel regressions of Tobin's Q on the variables that affect the value of the growth options, controlling for other factors that may have an impact on firm valuation.
Our regressions involve long-term interest rates that affect discount rates and call option prices, but in different directions. Present values decrease in discount rates, whereas call option prices increase. Additionally, interest rates also vary with the business cycle. Therefore, the overall effect of interest rates on firm value is not obvious.
Motivated by the findings of Ang, Hodrick, Xing, and Zhang (2006) that aggregate volatility risk is priced, we add the volatility of the S&P 500 index to our regressions. Since market volatility is a measure of global risk, we expect Tobin's Q to be negatively related to market volatility.
On the contrary, individual stock volatility is directly related to the volatility of firm value. On the one hand, discount rates increase in systematic volatility, which in turn has a negative effect on firm value. On the other hand, growth options increase in both systematic and idiosyncratic volatility. We thus expect that for firms with a lot of growth options (e.g. R&D firms) firm value and firm-level volatility are positively related. The effect should be particularly strong for idiosyncratic volatility, which should not affect discount rates. and expect Tobin's Q to increase with market capitalization due to the size effect. We also control for leverage. Depending on whether leverage is a proxy for default risk or whether debt might make managers more careful about investments (see Jensen and Meckling (1976) ) the effect can be positive or negative. Besides, return on assets is used a profitability measure. The relation to Tobin's Q could be positive since profitable firms might have more growth options.
On the other hand, the relation could be negative if mature firms with few growth options are more profitable. Finally, we include a dividend dummy that proxies for capital constraints.
Firms that pay dividends may have more free cash flow, which may potentially be used to overinvest in marginal projects. This would lead to a negative relation to Tobin's Q. This could also be due to a tax effect, since taxes on dividends are higher than on capital gains.
it is not straightforward to distinguish between R&D and non-R&D firms. RDexp is defined as the ratio between R&D expenses (Compustat: xrd) and sales. Missing R&D expenses are set to zero. A dummy variable for whether the firm pays a dividend is included in most regressions as well.
We also calculate the annualized historical volatility and skewness of a firm's stock returns using the CRSP daily stock file for every firm fiscal year (excluding distributions).
15 Firm-level volatility and skewness are denoted by Vol firm and Skew firm. 16 The turnover of a firm's share is given as the average daily turnover of shares divided by the number of outstanding shares.
13 Our results are robust to this assumption.
14 There are few observations with negative sales where we set sales to missing. Notice that our regression results are very similar if we divide by lagged sales. In order to make our results easier comparable to Roll, Schwartz, and Subrahmanyam (2009) ROA is negatively correlated suggesting that mature firm's with less growth options are more profitable. Leverage is also negatively related indicating that leverage proxies for default risk. This is also true for the dividend dummy and the effect is more pronounced for R&D firms, i.e. for those firms dividend payments seem to particularly damaging. 17 Finally, Tobin's Q is negatively related to the Treasury yield, so its role as discount rate seems to dominate in the data.
18 To summarize, the relations between Tobin's Q and the volatility or skewness variables have the expected signs. Besides, the controls have the same signs as in Roll, Schwartz, and Subrahmanyam (2009) . While these are one-dimensional results, in the following sections we will run panel regressions controlling simultaneously for several factors and distinguishing more clearly between the effects that are pricing relevant for R&D and non-R&D observations.
Benchmark Results
In this section we examine the relation of Tobin's Q to the joint explanatory variables discussed above. We run several panel regressions that use all the information contained in the crosssection of firms and in the time-series. The residuals of the cross-sectional regressions are likely to be serially correlated. Furthermore, there might be cross-sectional dependance as well. To overcome these potential problems, we correct our t-statistics using the approach outlined in Driscoll and Kraay (1998) . They assume an error structure that is heteroscedastic, autocorrelated up to some lag, and possibly correlated between the units. (1) and (4). This shows that firm-level volatility matters significantly more for R&D observations. The result supports our hypothesis that firm values are positively related to firm-level volatility due to growth options. Besides, we document that firm-level skewness (Skew firm) is highly positively significant in all regressions.
If we include the interaction variable RD skew firm, the coefficient of Skew firm goes down by 50%. The loading of RD skew firm is more than twice as high as the loading for non-R&D observations (in regressions (3) and (6) measured by Skew firm).
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We also find that capital expenditures (Invest) are only significant if we do not include the actual size of R&D expenses, which are very significant in the last three regressions. Therefore, creating growth options via R&D expenses is more pricing relevant than any of the effects that could be attributed to capital expenditures (see Section 2). 22 Notice also that, although the R&D dummy becomes insignificant in regressions (2) and (3) where we include interaction variables with this dummy, the significance of the amount of the R&D expenses is not affected 21 Chen and Petkova (2012) also suggest that firms with high skewness are likely to have growth options/ R&D expenditures. However, they examine the relation between R&D expenses and stock returns.
22 McConnell and Muscarella (1985) find evidence that the announcement of capital expenditures positively affects firm values, but they do not control for R&D expenses.
if we include the interaction variables in regressions (5) is negatively significant, mature firm's with less growth options seem to be more profitable.
The loading of leverage is negative. Therefore, the interpretation of leverage as a measure of distance to insolvency appears to be more important than its disciplinary effect as discussed by Jensen and Meckling (1976) . Finally, the dividend dummy is highly negatively significant, which suggests that firms that pay dividends waste money on non-profitable projects due to non-binding financial constraints and/or are mature firms with less growth options.
than non-R&D firms, they should have a higher and positive loading on idiosyncratic volatility.
In the following, we briefly discuss how firm-level volatility can be decomposed into a systematic and an idiosyncratic part. First, notice that this decomposition is model-dependent. We thus implement two models: a Fama-French three-factor model and a CAPM-style one factor model.
In the three-factor model, we run for every firm fiscal year the following regression on daily data
where r i t is the daily return of firm i, r f t is the Fama riskfree rate, and (r
and HM L t denote the returns on the three Fama-French factor portfolios (market, size, book).
Following Ang, Hodrick, Xing, and Zhang (2006), among others, the idiosyncratic volatility (ivol) of year y is then defined as
where t is in year y. Analogously, the systematic volatility of year y is given by should be compared with regression (2) repeated from Table 3 , which involves an R&D dummy.
Accordingly, regressions labeled (5: FF) and (5: CAPM) should be compared with regression (5) repeated from Table 3 , which involves the actual amount of R&D expenses (set to zero if missing) instead of an R&D dummy.
It turns out that all variables involving idiosyncratic volatility are highly significant with the expected (positive) sign. These results clearly indicate that volatility predominately matters through its idiosyncratic parts. Since the interaction variables RD vol ff unsys and RD vol capm unsys are strongly significant, the effect is the strongest for R&D firms that have a lot of growth options. Notice that the all point estimates of the systematic part of firm volatility (Vol ff sys and Vol capm sys) are negative, which is not unreasonable since this part shall involves risk that affects discount rates.
Finally, notice that our previous results concerning the relevance of capital expenditures and R&D expenses are still intact: The size of R&D expenses is highly relevant and knocks out the significance of capital expenditures when we include the actual amount in the regressions. This can be seen in regressions (5), (5: FF), and (5: CAPM).
Stock Returns
In the previous sections, we have documented that firm value increases with idiosyncratic firmlevel volatility where the effect is the strongest for R&D observations. In this section, we study the relation between (idiosyncratic) firm-level volatility and stock returns for R&D and non-R&D observations. Following a similar line of argument as before, the (contemporaneous) stock return of a firm with a lot of growth options should be positively related to idiosyncratic volatility. This is because a larger volatility increases the values of the growth options, which should materialize in positive stock returns. As already discussed in the introduction, Ang, Hodrick, Xing, and Zhang (2006) Brennan and Schwartz (1985) . In the model of Kogan and Papanikolaou (2012) there is also a relation between expected returns and growth opportunities.
period for which (idiosyncratic) volatility is calculated. This is in line with the previous panel regressions where we relate firm values to contemporaneous firm-level volatilities. We focus on firms in our sample that have a fiscal year ending in December and match monthly stock returns from CRSP to our data set. The Fama-French factors as well as the momentum factor stem from Kenneth French's website.
We expect that firms with more growth options should have higher returns than firms with less growth options and thus the contemporaneous relation of idiosyncratic volatility and abnormal returns should be higher for firms with more growth options, i.e. R&D firms. In the following, we first perform single sorts on ivol and double sorts on ivol and R&D expenses to study the properties of the resulting portfolio alphas. Then we run panel regressions of firm-level alphas on the same explanatory variables that we used in Sections 4 and 5 on Tobin's Q.
[
INSERT TABLE 5 ABOUT HERE]
We start with the sorts: The firms are grouped into equal-weighted portfolios since this approach is similar to the weighting scheme of panel regressions. Each year we form equal-weighted portfolios on the basis of the size of idiosyncratic volatility computed from a Fama-French model. The ivol portfolios are arranged from low ivol to high ivol. Table 5 reports the alphas from regressions of the monthly excess portfolio returns on the three Fama-French factors for the fiscal year whose data is used to calculate the ivol on which the portfolios are based. This is performed for the whole sample and two sub-samples, R&D and non-R&D firm observations.
We also report the results for a four-factor model with momentum. 27 Table 5 provides evidence that there is no significant contemporaneous ivol-return relation for the whole sample if we use the four-factor model since the alpha of the difference portfolio is not significant. For the three factor model, there is a significant effect. 28 In both cases, the alphas appear to be ordered.
To put these findings into perspective, we now consider sub-portfolios. For R&D observations, the ordering of the alphas goes away. If anything, the alphas show a hump-shaped pattern. For the four-factor model all alphas are positive and the point estimate of the difference portfolio 27 See Carhart (1997) .
28 Bali and Cakici (2008) show that this is also true for expected returns and equal-weighted portfolios.
is close to zero. On the other hand, for non-R&D observations we find the opposite: Alphas are ordered and the alphas of the difference portfolio are significantly negative. Panel C of Table 5 also reports the robust Newey-West t-statistics of the diff-in-diff portfolio (difference portfolio of the difference portfolios) that is -1.76 for the three-factor model and -2.16 for the four-factor model. These results indicate that there is significantly negative contemporaneous ivol-return relation for non-R&D observations. Notice that these findings are driven by the two highest ivol deciles of the non-R&D observations. To summarize, our results support our above prediction that firms with growth options should have higher contemporaneous returns than firms with less growth options and that the contemporaneous ivol-return relation should be higher for firms with more growth options. Bali and Cakici (2008) who consider the whole sample. Besides, R&D firms are bigger than non-R&D firms where the difference is the largest for low ivol and slightly U-shaped. Second, the sort on ivol also leads to a monotonous relation for firm-level volatility in both panels.
For R&D observations the ivol portfolios are also monotonously ordered with respect to R&D expenses and high (idiosyncratic) volatilities go together with high R&D expenses. 30 Notice however that R&D observations do not systematically have higher idiosyncratic volatility than non-R&D observations. In particular, the average ivol in the highest ivol portfolio is larger for non-R&D observations. are larger than of the non-R&D portfolios. Besides, they are monotonously increasing for the R&D observations (except for the second portfolio), whereas they are almost flat around 1.6
for non-R&D observations. Therefore, the portfolio with the highest average ivol (non-R&D portfolio 10 in Panel C) has a smaller average Tobin's Q than 8 out of 10 R&D portfolios. In particular, its average ivol is much larger than the average ivol of the first R&D portfolio which has a Tobin's Q of similar size. Notice however that for the whole sample Tobin's Q is (almost) monotonously increasing with ivol, which is also reported by Chen and Petkova (2012) .
Furthermore, capital expenditures are systematically for non-R&D observations. Turnover increases in ivol and R&D firm observations have higher turnovers than non-R&D observations.
Skewness is smaller for R&D firm observations and has the tendency to increase with ivol for both sub-samples. Besides, R&D firms have less leverage and for non-R&D firms leverage is increasing in ivol, whereas there is no clear pattern for R&D firms. Finally, ROA is decreasing in ivol for both sub-portfolios and R&D firms have smaller ROA than non-R&D firms. This difference substantially widens from low ivol to high ivol portfolios.
To summarize, a single-sort on ivol leads to several systematic patterns for other firm-specific variables 31 and these patterns have different forms for R&D and non-R&D firm observations. Furthermore, in equal-weighted portfolios there is only a significantly negative contemporaneous ivol-return relation (relative to a four factor model) when we focus on non-R&D observations.
Here the significantly negative alphas of the two highest ivol portfolios in Panel C of Table 5 drive the results. Focusing on the portfolio with the highest ivol and most negative alpha in Panel C, this portfolio consists of firms without contemporaneous R&D expenses that at the same time are on average the smallest, have the highest leverage and the highest idiosyncratic volatility of all portfolios (non-R&D as well R&D).
INSERT TABLE 6 ABOUT HERE]
31 These findings are related to the results of Kogan and Papanikolaou (2012) . They show that that firm characteristics such as Tobin's Q, investment rates, earnings-to-price ratio, and ivol are correlated with firms' exposures to the same common risk factor, which generates a significant share of variation in realized portfolio returns and captures cross-sectional differences in their risk premia.
Since there is a strong relation between firm-level volatility and R&D expenses, we now double sort firms, first with respect to idiosyncratic volatility then with respect to R&D expenses. This allows us to control for (idiosyncratic) volatility and to study the impact of R&D expenses on contemporaneous stock returns. We expect that for a given level of idiosyncratic volatility returns increase in R&D expenses since firms with high R&D expenses presumably have more growth options. Table 6 reports portfolio alphas when we sort observations into 60 portfolios:
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Every ivol portfolio is sorted into six sub-portfolios (zero R&D and five R&D portfolios). Since approximately half of our observations are non-R&D observations, the five R&D portfolios
together are approximately as big as the zero R&D portfolio. It can be seen that our intuition is confirmed: In all cases, high R&D observations have higher alphas than low R&D or zero R&D observations. Additionally, in 17 out of 20 cases, the differences are even individually significant.
Furthermore, note that the individual alphas of all high R&D portfolios are positive. This is in sharp contrast to the whole sample and zero or low R&D portfolios where the portfolio alphas are positive (negative) for low (high) ivol portfolios and with few outliers monotonously decreasing over ivol portfolios. These findings provide additional evidence that R&D firms have larger positive alphas.
[INSERT Table 8 reports the correlations of these volatility components with our explanatory variables. Notice that the unsystematic part Vol ff pca unsys is highly correlated with the total firm volatility Vol firm, which is however also true for the ivol definitions Vol ff unsys and
Vol ff capm that we have applied previously. This means that unsystematic volatility is high if total volatility is high as well. 
Conclusion
This paper studies to what extend firm value is related to growth options. We find strong evidence that Tobin's Q is significantly increasing in firm-level volatility. More importantly, by splitting the sample into R&D and non-R&D observations we show that this relation is to a large extend driven by the idiosyncratic part of firm-level volatility and is concentrated within R&D firm observations. These results complement earlier findings that idiosyncratic volatility is significantly priced in the cross-section of stock returns. On the other hand, we document that Tobin's Q is negatively related to index-level volatility as measured by the volatility of the S&P 500, which proxies for global risk.
Furthermore, we find that firm-level skewness is positively related to Tobin's Q which is also consistent with real options theory. Hence, our results provide strong empirical evidence that firm value is significantly affected by growth options. We also document that the actual amount of R&D expenses is more important for firm valuation than capital expenditures, which are not significant in regressions where both variables are included. This indicates that R&D expenses are a better proxy for the creation of growth options.
Besides, we study the relation of stock returns to realized contemporaneous idiosyncratic volatility and R&D expenses. In this case, there is a significantly negative relation for non-R&D observations, whereas for R&D observations the portfolio alphas are all positive if we use a four-factor model with momentum. We also document that the sub-samples of R&D and non-R&D observations are very distinct with respect to the sizes and patterns of R&D expenses and Tobin's Q. On the contrary, the average ivols of the portfolios are similar, which is in line with our previous result that the pricing effect of ivol matters the most if we interact ivol with an R&D dummy.
Double sorts controlling for ivol show that for high R&D observations all sub-portfolio alphas are positive and that all alphas of difference portfolios between high and low or zero R&D observations are positive as well. Running panel regressions of firm-level alphas on firm-level volatility as well as its idiosyncratic and systematic parts shows that volatility matters, but predominately through its idiosyncratic part. Besides, we again confirm that this effect is amplified via R&D expenses. value to book value. Vol firm is a firm's historical volatility of the stock returns. Skew firms is a firm's historical skewness of the stock returns. Turn firm is the daily turnover of the shares of stock as a percentage of stocks outstanding. Invest is the ratio between capital expenditures and sales of a firm. Size is the logarithm of a firm's market capitalization deflated by CPI as reported by the Bureau of Labor Statistics. Roa is the return on assets defined as income before extraordinary items plus interest divided by lagged book value. Leverage is ratio between long-term debt and book value of assets. Div dum is an indicator variable for whether a firm pays a dividend. RDexp is the ratio between RD expenses and sales. Invest, Roa, Leverage, and RDexp at the 0. Invest, Roa, Leverage, and RDexp are winsorized at the 0.1% level.
(1) The table reports the results of panel regressions of annual averages of firm-level alphas on selected variables. Firm volatility is decomposed into a systematic and an unsystematic part where the ivol definition (7.3) with two components is applied. Apart from that the regressions are using the same variables as the ones in Table 7 . All regressions are based on 67,323 observations coming from 8,527 firms. There are 34,343 observations including R&D expenses and 32,980 observations not including R&D expenses. Financial firms and utilities are excluded from the sample. The sample ranges from 1975 to 2015. Additional information on the sample can be found in Section 7. Invest, Roa, Leverage, and RDexp are winsorized at the 0.1% level. Robust Driscoll-Kraay t-statistics are reported in brackets. Asterisks correspond to the following p-values: * p < 0.05, * * p < 0.01, * * * p < 0.001.
